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Objective To compare the swallowing functions according to the lesion locations between brain tumor and stroke 
patients. 

Methods Forty brain tumor patients and the same number of age-, lesion-, and functional status-matching stroke 
patients were enrolled in this study. Before beginning the swallowing therapy, swallowing function was evaluated 
in all subjects by videofluoroscopic swallowing study. Brain lesions were classified as either supratentorial or in- 
fratentorial. We evaluated the following: the American Speech-Language-Hearing Association (ASHA) National 
Outcome Measurement System (NOMS) swallowing scale, clinical dysphagia scale, functional dysphagia scale 
(FDS), penetration-aspiration scale (PAS), oral transit time, pharyngeal transit time, the presence of vallecular 
pouch residue, pyriform sinus residue, laryngopharyngeal incoordination, premature spillage, a decreased swal- 
lowing reflex, pneumonia, and the feeding method at discharge. 

Results The incidence of dysphagia was similar in brain tumor and stroke patients. There were no differences in 
the results of the various swallowing scales and other parameters between the two groups. When compared brain 
tumor patients with supratentorial lesions, brain tumor patients with infratentorial lesions showed higher propor- 
tion of dysphagia (p=0.01), residue (p<0.01), FDS (p<0.01), PAS (p<0.01), and lower ASHA NOMS (p=0.02) at initial 
evaluation. However, there was no significant difference for the swallowing functions between benign and malig- 
nant brain tumor patients. 

Conclusion Swallowing function of brain tumor patients was not different from that of stroke patients according 
to matching age, location of lesion, and functional status. Similar to the stroke patients, brain tumor patients with 
infratentorial lesions present poor swallowing functions. However, the type of brain tumor as malignancy does not 
influence swallowing functions. 
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INTRODUCTION 

Symptoms of brain tumors are highly variable with 
weaknesses, cognitive impairments, fatigues, mood dis- 
orders, seizures, and headaches all being observed [1]. 
These symptoms depend on the tumor locations and siz- 
es [2]. Dysphagia, with a frequency of about 63%, is also 
a common symptom found in brain tumor patients [1]. 
And dysphagia in brain tumor patients is a risk factor for 
complications, such as aspiration pneumonia, dehydra- 
tion, and malnutrition, which impacts on quality of life 
and on the long-term prognosis in these cases [3]. 

There were only few studies on dysphagia for brain 
tumor patients. In the previous study conducted by Wes- 
ling et al. [2], functional dysphagia outcomes from brain 
tumor patients were similar to that of stroke patients who 
matched according to age, functional status, and site of 
lesion. But, there was only one brain tumor patient with 
brainstem lesion in this study, thus, the swallowing func- 
tion of brain tumor patients with infratentorial lesion was 
not thoroughly evaluated. In stroke patients, different 
patterns of dysphagia are also found according to brain 
lesion location. Discoordination of the tongue, orophar- 
ynx, and laryngopharynx predominate in the cortical and 
subcortical lesions, whereas the incomplete laryngeal 
closure and failure of cricopharyngeal muscle relaxation 
predominate in brainstem lesions [4]. It was assumed 
that the swallowing function of brain tumor patients with 
infratentorial lesions are different from those with supra- 
tentorial lesions swallowing, however, no study has yet 
addressed the differences of swallowing function patterns 
according to lesion locations in brain tumor patients. Ad- 
ditionally, whether the brain tumor was benign or malig- 
nant as the determinant of swallowing function was not 
investigated. So, further study is needed to include more 
numbers of infratentorial brain tumor patients and to 
evaluate the major determinant of swallowing function in 
brain tumor patients. 

Thus, the first aim of this study was to compare dyspha- 
gia patterns and clinical outcomes between brain tumor 
and stroke patients. Second, we investigate the different 
swallowing functions according to brain lesion location 
and the type of benign or malignant tumor in brain tu- 
mor patients. 



MATERIALS AND METHODS 

Subjects 

This was designed as a retrospective study and we 
collected information from medical chart review. Our 
facility's Institutional Review Board approved the study 
protocol. All brain tumor patients were recruited from an 
inpatient rehabilitation unit from January 2009 to March 
2012. The following malignant or benign brain tumor pa- 
tients were included: patients whose swallowing function 
was evaluated by a videofluoroscopic swallowing study 
(VFSS) and patients who had definite evidence of brain 
tumor on magnetic resonance imaging (MRI) or comput- 
erized tomography (CT). Interpretations of brain MRI or 
CT data were performed by a radiology specialist. 

The locations of the brain lesions in our current study 
were classified as either supratentorial or infratentorial. If 
the brain lesion could not be classified in this way due to 
the large size or number, the patient was excluded from 
our analysis. The same number of acute stroke patients 
(less than 6 weeks post-onset) who matched by age (±5 
years), sex (male or female), location of lesion (supraten- 
torial or infratentorial), and initial Korean version of the 
Modified Barthel Index (K-MBI, ±5 points) score, were 
recruited for comparison. It was reported that differences 
in swallowing functions were observed according to 
whether the lesion was left or right [5] . Therefore, brain 
tumor patients were also matched with stroke patients 
according to the side of lesion. 

Videofluoroscopic swallowing study 

VFSS was performed during the initial 3 days of admis- 
sion to the rehabilitation unit. Swallowing images in the 
lateral projection were acquired while the subjects were 
seated. A modified version of the protocol from the study 
of Logemann [6] was used. First, 3 mL of thick liquid was 
provided to the subjects. Next, swallowing tests involving 
3 mL of pureed, semi-solid, solid, and thin liquids were 
performed in this sequence. All food samples contained 
barium and each test was performed three times. If there 
was a large amount of aspiration, the study was aborted 
and the patients were encouraged to expectorate the food 
materials. All test procedures were recorded and the find- 
ings were analyzed by two physiatrists with expertise in 
rehabilitation medicine. If there was any abnormal find- 
ing during oral, pharyngeal, or esophageal phases, the 
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patient was diagnosed with dysphagia. 
Evaluation 

Swallowing function was evaluated during the initial 
3 days of admission. The American Speech-Language- 
Hearing Association (ASHA) National Outcome Measure- 
ment System (NOMS) swallowing scale and the clinical 
dysphagia scale (CDS) were used to evaluate the study 
subjects. VFSS was used to evaluate the functional dys- 
phagia scale (FDS), penetration-aspiration scale (PAS) 
[7], oral transit time (OTT), pharyngeal transit time (PTT), 
and the presence of vallecular pouch residue, pyriform 
sinus residue, laryngopharyngeal incoordination, prema- 
ture spillage, and any decrease in the swallowing reflex. 

The ASHA NOMS swallowing scale is a multi- dimen- 
sional tool designed to measure both the diet level and 
the supervision level required by assigning a single num- 
ber between 1 and 7 [8]. The CDS consists of eight rating 
items (lesion location, tracheostomy, history of aspira- 
tion, lip sealing, chewing and mastication, tongue pro- 
trusion, laryngeal elevation, and reflex coughing) [9] . The 
FDS is a scale which was developed to quantify dysphagia 
severity [10], and PAS evaluates airway invasions [11]. A 
higher ASHA NOMS score indicates a better swallowing 
function, whereas higher CDS, FDS, and PAS scores in- 
dicate a poorer swallowing function. The OTT was mea- 
sured as the first backward movement of the bolus from 
when the head of the bolus passed the point of the ramus 
of the mandible until the tail of the bolus left the crico- 
pharyngeal region. The PTT was measured from the time 
the head of the bolus passed the ramus of the mandible 
until the onset of laryngeal elevation [12]. 

Initial diets and supervision levels were documented 
before VFSS, and follow-up ASHA NOMS at discharge 
were documented within the 24-hour period prior to 
discharge. Following VFSS, patients who have dysphagia 
underwent swallowing therapy for 30 minutes a day, 5 
days a week, more than two weeks. Types of dysphagia 
treatments were compensatory treatments (position- 
ing strategies, diet modification, or feeding strategies), 
strengthening exercises and combination of both. Data 
on pneumonia occurrence and the feeding method at 
discharge were obtained through a medical chart review. 
For comparison on the functional status of the subjects, 
we evaluated the K-MBI at about the same time as the 
VFSS. The results were compared according to brain le- 



sion location and type of brain injury. 

Statistical analysis 

Mann-Whitney U test was used to compare the age, 
disease duration, OTT, PTT, ASHA NOMS, CDS, FDS, and 
PAS results between the brain tumor and stroke groups. 
A chi-square test was used for comparing the vallecular 
pouch residue, pyriform sinus residue, laryngopharyn- 
geal incoordination, premature spillage, decreased swal- 
lowing reflex, occurrence of pneumonia, and the feeding 
method at discharge. The same test was used to compare 
parameters according to lesion location and whether the 
lesion was benign or malignant. Results were considered 
statistically significant if the p-value was less than 0.05. 
Statistical analysis was performed with SPSS ver. 18.0 
(SPSS Inc., Chicago, IL, USA) for Windows statistical soft- 
ware. 

RESULTS 

From January 2009 to June 2012, a total of 127 brain 
tumor patients were admitted to the rehabilitation medi- 
cine department. Of those patients, VFSS was performed 
in 58 cases. Eighteen patients were excluded: 14 had too 
large or too many lesions, which complicated the lesion 
classifications as either supratentorial or infratentorial, 
and four patients had ischemic or hemorrhagic strokes. 
Thus, a total of 40 brain tumor patients participated in 
our study and 40 age-, sex-, and K-MBI-matching stroke 
patients were also enrolled as the stroke group for com- 
parisons with the brain tumor group. 

Demographic data 

Demographic characteristics were demonstrated in 
Table 1. In both groups, approximately half of the sub- 
jects were males (55.0%) and had supratentorial lesions 
(47.5%). The mean age of the brain tumor group was 
52.1±15.7 years (range, 19 to 74 years) whereas that of the 
stroke group was 51.2±11.8 years (range, 24 to 74 years). 
The mean K-MBI scores for the brain tumor and stroke 
groups were 41.9±31.7 and 42.9±25.6, respectively. The 
lengths of stay in rehabilitation units for the brain tumor 
and stroke groups were 27.4±3.7 and 26.2±4.9 days. The 
mean disease durations for the brain tumor and stroke 
groups were 7.7±13.4 and 0.7±1.7 months, respectively 
(p<0.05). Disease duration of brain tumor patients were 
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longer than stroke patients, because brain tumor patients 
required more time for diagnosis and treatments, such as 
surgery, chemotherapy, and radiation therapies before 
starting the rehabilitation. Age and K-MBI scores were 
not found to be significantly different. 



Table 1. Demographic characteristics of the brain tumor 
group and stroke group 



Characteristic 


Brain tumor 
(n=40) 


Stroke (n=40) 


Age (yr) 


52.1±15.7 


51.2+11.8 


Gender (male:female) 


22:18 


22:18 


Location of lesion 


Supratentorial 


19 (47.5) 


19 (47.5) 


Infratentorial 


21 (52.5) 


21 (52.5) 


K-MBI 


41.9±31.7 


42.9+25.6 


Duration of disease 
(mo) 


7.7+13.4* 


0.7+1.7* 


Lengths of stay in reha- 
bilitation unit (day) 


27.4+3.7 


26.214.9 



Values are presented as mean+standard deviation or 
number (%). 

K-MBI, initial Korean version of Modified Barthel Index. 
*p<0.05. 



In accordance with the 2007 World Health Organization 
classification for tumors of the central nervous system 
[13], 16 of our brain tumor patient subjects had a malig- 
nant brain tumor, such as glioma (7 patients), metastatic 
brain tumor (5), astrocytoma (5), mixed germ cell tumor 
(1), and ependymoma (1), whereas 24 of our brain tumor 
patients had benign brain lesions, such as meningioma 
(16), schwannoma (6), and craniopharyngioma (2). 
From the 35 out of 40 brain tumor patients in our present 
cohort underwent tumor resection, 13 received chemo- 
therapy, and 14 were treated with radiation therapy prior 
to the commencement of the present study. There were 
no significant demographic differences between the two 
study groups. 

Differences in dysphagia between brain tumor and 
stroke patients 

Dysphagia was noted using VFSS in 72.5% of our brain 
tumor patients and 77.5% of our stroke patients. There 
were no significant differences found in the numbers 
suffering from dysphagia, or between the initial ASHA 
NOMS, FDS, CDS, PAS, OTT, PTT, and other VFSS find- 
ings (Table 2). Furthermore, at the time of discharge, 
same number of patients was following a regular diet in 



Table 2. Comparisons of swallowing functions between brain tumor group and stroke group 





Brain tumor (n=40) 


Stroke (n=40) 


p-value 


Proportion of dysphagia 


29 (72.5) 


31 (77.5) 


0.80 


Initial ASHA NOMS 


3.9+2.4 


4.6+1.9 


0.25 


Functional dysphagia scale 


8.3+10.6 


5.8+7.1 


0.33 


Clinical dysphagia scale 


27.1+12.8 


28.8+15.8 


0.95 


Penetration aspiration scale 


3.7+2.9 


4.8+2.7 


0.12 


Oral transit time (sec) 


0.4+0.3 


0.5+0.8 


0.15 


Pharyngeal transit time (sec) 


0.4+0.2 


0.5+0.4 


0.87 


Vallecular pouch residue 


15 (37.5) 


14 (35.0) 


1.00 


Pyriform sinus residue 


12 (30.0) 


10 (25.0) 


0.80 


Decreased swallowing reflex 


22 (55.0) 


21 (52.5) 


1.00 


Premature spillage 


4(10.0) 


5(12.5) 


1.00 


Laryngopharyngeal incoordination 


8 (20.0) 


7(17.5) 


1.00 


Occurrence of pneumonia 


5 (12.5) 


5 (12.5) 


1.00 


Regular diets at discharge 


25 (62.5) 


25 (62.5) 


1.00 


Follow-up of ASHA NOMS 


5.4+2.4 


5.4+2.5 


0.92 



Values are presented as mean+standard deviation or number (%). 

There was no significant difference in all parameters between two groups. 

ASHA NOMS, the American Speech-Language-Hearing Association National Outcome Measurement System swallow- 
ing scale. 
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Table 3. Comparisons of swallowing function in patients with infratentorial lesion 





Brain tumor (n=21) 


stroke (n—Zi ) 


p -value 


Proportion of dysphagia 


i a ( aa n~\ 

19 [90.5 J 


18 [85.7 J 


1 AA 

1.00 


T»i+<*n1 ACUTA M/~\TV4"C 

initial ASHA JNUMb 


3.1+2.1 


o /i a 

3.4+2.0 


A O r l 

0.b7 


Functional dysphagia scale 


14.Z+1Z.0 


13.1+lb.b 


A OO 


Clinical dysphagia scale 


25.6±14.1 


3z. 7+lb.O 


A O 1 

0.31 


Penetration aspiration scale 


5.2±2.6 


5.4±2.6 


0.88 


Oral transit time (sec) 


a a _i_ a i 
0.4+0.1 


A ^-l- A O 

0. /+0.O 


A 1 O 

0.1Z 


Pharyngeal transit time (sec) 


0.5+0.3 


A A A 

O.b+0.4 


A 0 1 

0.81 


Vallecular pouch residue 


1/1 fCCL 

14 [bo. / ) 


l o (a l a^ 
13 [bl.9 J 


1 AA 
1.00 


Pyriform sinus residue 


1Z (b/ A) 


1 A ( A 1 C~\ 

10 [4/.b J 


A no. 

0. /b 


Decreased swallowing reflex 


i h ( oa a A 
1 / (o0.9 ) 


lb [ m.Z J 


1 AA 
1.00 


Premature spillage 


2 (9.5) 


3 (9.5) 


1.00 


Laryngopharyngeal incoordination 


6 (28.6) 


5 (23.8) 


1.00 


Occurrence of pneumonia 


2 (9.5) 


3 (14.3) 


1.00 


Regular diets at discharge 


9 (42.9) 


10 (47.6) 


1.00 


Follow-up of ASHA NOMS 


5.0±2.2 


4.6±2.4 


0.89 



Values are presented as meantstandard deviation or number (%). 

There was no significant difference in all parameters between two groups. 

ASHA-NOMS, the American Speech-Language-Hearing Association National Outcome Measurement System swallow- 
ing scale. 



Table 4. Comparisons of swallowing functions and characteristics according to location of brain tumor 





Supratentorial lesion (n=19) 


Infratentorial lesion (n=21) 


p-value 


Age (yr) 


55.9±15.1 


48.6±15.4 


0.15 


Proportion of dysphagia 


10 (52.6) 


19(90.5) 


0.01* 


Initial ASHA NOMS 


4.7±2.5 


3.1±2.1 


0.02* 


Functional dysphagia scale 


1.8±1.6 


14.2±12.0 


<0.01* 


Clinical dysphagia scale 


28.8±12.3 


25.6±14.1 


0.25 


Penetration aspiration scale 


1.9±2.2 


5.2±2.6 


<0.01* 


Oral transit time (sec) 


0.4±0.3 


0.4±0.1 


0.94 


Pharyngeal transit time (sec) 


0.3±0.2 


0.5±0.3 


0.25 


Vallecular pouch residue 


1 (5.3) 


14 (66.7) 


<0.01* 


Pyriform sinus residue 


0 (0.0) 


12(57.1) 


<0.01* 


Decreased swallowing reflex 


5 (26.3) 


17 (80.9) 


<0.01* 


Premature spillage 


2 (10.5) 


2(9.5) 


0.66 


Laryngopharyngeal incoordination 


2 (10.5) 


6 (28.6) 


0.15 


Occurrence of pneumonia 


3(15.8) 


2(9.5) 


0.45 


Regular diets at discharge 


16 (84.2) 


9 (42.9) 


0.14 


Follow-up of ASHA NOMS 


5.7±2.3 


5.0±2.2 


0.08 


K-MBI 


35.9±31.1 


47.3±31.6 


0.27 



Values are presented as meantstandard deviation or number (%). 

ASHA-NOMS, the American Speech-Language-Hearing Association National Outcome Measurement System swallow- 
ing scale; K-MBI, initial Korean version of Modified Barthel Index. 
*p<0.05. 
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both groups. Follow-up of ASHA NOMS results and the 
frequency of pneumonia were also observed to be simi- 
lar. In addition, when we compared infratentorial brain 
tumor patients with infratentorial stroke patients, there 
were no significant differences in all parameters between 
these patients (Table 3). 

Dysphagia according to location of brain tumor 

There was a significant difference found in the frequen- 
cy of dysphagia according to lesion locations (Table 4). In 
the 19 brain tumor patients with supratentorial lesions, 
10 patients (52.6%) showed dysphagia, whereas in the 21 
patients with infratentorial lesions, 19 (90.5%) showed 
dysphagia (p=0.01). Compared with brain tumor patients 
who have supratentorial lesions, brain tumor patients 
who have infratentorial lesions showed higher propor- 
tions of dysphagia (p=0.01), vallecular pouch residue 
(p=0.01), pyriform sinus residue (p=0.01), FDS (p<001), 
PAS (p<0.01), and lower ASHA NOMS (p=0.02). Although 
the outcome measured at discharge regarding the por- 
tion of regular diets seemed to be poorer in patients with 



infratentorial lesions, it was not statistically significant 
(p=0.14). At the time of discharge, although 84.2% of su- 
pratentorial lesion patients were following a regular diet, 
only 42.9% of infratentorial lesion patients were able to 
eat a regular diet. On the other hand, there were no sig- 
nificant differences in the CDS, OTT, PTT, in the propor- 
tion of premature spillage, in laryngopharyngeal incoor- 
dination, K-MBI, and ASHA NOMS at discharge between 
the two groups. 

Dysphagia according to whether the tumor was benign 
or malignant 

In our present study, there were no significant differ- 
ences found between the benign and malignant groups in 
the initial ASHA NOMS (4.1±2.5 vs. 3.5±2.2, respectively; 
p=0.33), FDS (9.5±10.0 vs. 6.4±11.5, respectively; p=0.24), 
CDS (26.5±13.7 vs. 27.9±11.7, respectively; p=0.71), or 
PAS (3.2±2.7 vs. 4.4±3.0, respectively; p=0.20) scores 
(Table 5). The OTT and PTT scores, degrees of post swal- 
lowing residue, levels of diet modification at discharge, 
and prevalence of pneumonia were also not significantly 



Table 5. Comparisons of swallowing functions and characteristics according to the type of a brain tumor as benign or 
malignant 





Benign (n=24) 


Malignant (n=16) 


p-value 


Age (yr) 


54.0±14.7 


49.2+17.2 


0.49 


Proportion of dysphagia 


17 (70.8) 


12 (75.0) 


1.00 


Initial ASHA NOMS 


4.1±2.5 


3.5+2.2 


0.33 


Functional dysphagia scale 


9.5±10.0 


6.4+11.5 


0.24 


Clinical dysphagia scale 


26.5±13.7 


27.9+11.7 


0.71 


Penetration aspiration scale 


3.2±2.7 


4.4+3.0 


0.20 


Oral transit time (sec) 


0.4±0.3 


0.4+0.2 


0.32 


Pharyngeal transit time (sec) 


0.4±0.2 


0.5+0.3 


0.37 


Vallecular pouch residue 


9 (37.5) 


6(37.5) 


1.00 


Pyriform sinus residue 


8 (33.3) 


4 (25.0) 


0.73 


Decreased swallowing reflex 


13 (54.2) 


9 (56.3) 


1.00 


Premature spillage 


1 (4.2) 


3(18.8) 


0.28 


Laryngopharyngeal incoordination 


5 (20.8) 


3(18.8) 


1.00 


Occurrence of pneumonia 


2 (8.3) 


3(18.8) 


0.37 


Regular diets at discharge 


18 (75.0) 


7 (43.8) 


0.09 


Follow-up of ASHA NOMS 


5.712.3 


4.8+2.5 


0.17 


K-MBI 


45.0+32.6 


37.3+30.7 


0.37 



Values are presented as mean+standard deviation or number (%). 

There was no significant difference in all parameters between two groups. 

ASHA NOMS, the American Speech-Language-Hearing Association National Outcome Measurement System swallow- 
ing scale; K-MBI, initial Korean version of Modified Barthel Index. 
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different in the benign and malignant groups. 
DISCUSSION 

This study evaluates that the swallowing functions of 
brain tumor patients when compared with stroke pa- 
tients of matching lesion locations. In previous study, 
comparisons of functional status and outcomes between 
brain tumor patients and stroke patients were performed 
[14]. In their study, the total functional independence 
measure was similar in two groups at admission, whereas 
the mobility was good in brain tumor group. However, 
there were insufficient studies on swallowing functions of 
brain tumor patients. 

Dysphagia was found in many brain tumor patients in 
this study. Wesling et al. [2] reported that there were no 
differences in the ASHA NOMS at admission between 
brain tumor patients and stroke patients who matched 
according to age, location of lesion, and functional sta- 
tus. And, functional dysphagia gains can be achieved for 
brain tumor patients undergoing inpatient rehabilitations 
through the same types and intensities of swallowing re- 
habilitation following a stroke in this study. Although the 
brain tumor and stroke patients in their study matched 
by onset age, site of lesion, and functional status, a com- 
parison of dysphagia according to the lesion location 
or whether the lesion was benign or malignant was not 
performed. We tried to classify brain tumor patients by 
locations of lesion and the types of benign or malignant 
tumor in our current study, and then, compared patients 
according to these factors. And only one patient have 
infratentorial lesion in their study, thus, we conducted a 
study including more numbers of patients with infraten- 
torial lesions. 

In the previous study by Lee and Kim [4], brain lesion 
locations in stroke patients were classified as cortical, 
subcortical, or brainstem. Stroke lesions, caused by the 
ruptures or occlusions of cerebral vessels, are either 
classified as cortical, subcortical, or brainstem accord- 
ing to the supplying vessels (e.g., internal carotid artery, 
middle cerebral artery). However, it is difficult to use the 
same categories for brain tumors as they are not related 
to vascular territory, and this impedes the clear regional 
separations of these lesions. It is also difficult to classify a 
lesion as either cortical or subcortical. In previous stud- 
ies, brain tumors were classified as either supratento- 



rial or infratentorial lesions [7,15,16]. In those reports, 
the symptoms and types of common brain tumors were 
found to differ according to locations. Commonly, a brain 
lesion location is classed as supratentorial or infratento- 
rial. 

In our present study, patients with infratentorial brain 
tumor lesions showed poor swallowing functions, which 
are similar to stroke patients with brainstem lesions. On 
the other hand, there were no differences in follow-ups of 
ASHA NOMS at discharge between supratentorial brain 
tumor patients and infratentorial brain tumor patients. 
As treated by swallowing therapy and chemoradiothrapy, 
swallowing function was improved in most supratentorial 
and infratentorial patients. However, three patients with 
supratentorial lesions and four patients with infratentori- 
al lesions were not improved at all. Proportion of patients 
who were refractory to therapy was similar in two groups, 
so follow-up of ASHA NOMS was similar. 

In the present study, there were no differences found 
in the swallowing functions between benign and malig- 
nant brain tumor patients. Furthermore, there were also 
no differences for functional status in the K-MBI results, 
the ASHA NOMS, FDS, CDS findings, and the frequency 
of pneumonia were not significantly different between 
benign and malignant brain tumor patients. These re- 
sults suggest that a brain tumor malignancy is not an 
important predictive factor for dysphagia, whereas the 
brain tumor location is a major determinant of swallow- 
ing function. And there were no significant differences 
on swallowing functions between brain tumor and stroke 
patients who matched by age, lesion location, and func- 
tional status. These findings suggest that whether the 
type of brain injury was brain tumor or stroke is not an 
important factor when determining dysphagia character- 
istics. 

Our study has some limitations. First, we matched pa- 
tients by lesion locations, but the sizes and durations of 
the lesions were not matched. When nervous system was 
injured, regardless of etiology, the early rehabilitation 
improved functional outcomes [17]. In our study, brain 
tumor patients have longer duration periods than stroke 
patients, so, it is possible that the difference of disease 
durations influence the clinical outcomes. Second, treat- 
ment method of brain tumor patients may influence 
swallowing functions. In the present study, 35 brain tu- 
mor patients had surgeries. Almost all of them showed 
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postoperative changes, such as fluid collection, hemor- 
rhage, edema, and pneumocephalus. Out of 14 patients 
who were treated with radiotherapy, 3 patients were 
diagnosed with radiation-induced brain injury, and they 
received steroid therapies to control brain edema. These 
operation or radiation induced changes can influence 
symptoms of brain tumor patients [18-21]. And thirteen 
brain tumor patients received chemotherapy with agents, 
such as cisplatin, carboplatin, temozolomide, paclitaxel, 
and etoposide. It has been known that most of these 
agents can induce neuropathy [22,23]. Our study was also 
performed at a single institution and a small number of 
patients participated. Future studies that involve a larger 
cohort and controls for other disease factors are neces- 
sary. 

In conclusion, swallowing function of brain tumor pa- 
tients was not different from that of stroke patients when 
matched by age, location of lesion, and functional status. 
And the different patterns of dysphagia found in brain 
tumor patients were related to the location of the lesions. 
On the other hand, it seems that whether the tumor is be- 
nign or malignant is not a major determinant of the swal- 
lowing function for brain tumor patients. Further studies 
are needed for investigating the effects of lesion size and 
treatment methods for swallowing functions of brain tu- 
mor patients in large population. 
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